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SOME FRACTICAL ASPECTS OV THE LOT PLOT SAMPLING

ACCEPTANCE PIAN

By

W. Grant Ireson

1.0 Introduction

Few sampling acceptance plans have been adopted and used with such
apparent success in so short a period of time by as many companies and
yet been subje.t to as much controversial discussion as has the Hamilton
Standard Lot Plot plan. The applications ¢f this plan have been declarsd
both successful and unsuccessful in strikingly similar situations by
different users. It is subject to criticism for being too strict on one
hand and being unreiizble on the other. It has been praised for being
conservative, yet this conservatism, it is claimed, hss resulted in
unnecessary screening of acceptable lots.

The purpose of this report is to examine critically the Lot Plot
plan and to a‘+tempt to evaluate the practical aspects of it.# Si ce
the basic plan, as proposed by Mr. Shainin, has been altered to some
extent by almost every user, an item by item evaluation will not be
practical. This report, however, will describe some - the current uses
and modifications, present bcth favorable and unfavorable aspects, (as
discovered by industrial users) and draw some conclusions regarding the

pussible future uses,

3 For an analysis of the statistical and theoretical aspects of the
plan, see Technical Report No. 18, ®Some Theoretical Aspects of the

Lot Plo* Sampling Inspectior Plan", by Lincoln E. Moses,
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2.0 Uses_
2.1 Original Purpose of Plan

The original purpose of the plan was defined by Dorian Shainin
in his statement of the problem [2 ]. "The problem, briefly, was how
¢ improve ........ upon the conventional 100% inspection of purchased
material of all sorts that would be received from vendors in varying
lot sizes at irregular intervals.® The wealkrnesses of the usual
acceptance procedures based on attribute sampling plans as well as
those of 100% inspection were recognized by Mr. Shainin. As a manu-
facturer of airplane propellefs, he was dealing with parts of a critical
nature and it was extremely important that any acceptance plan provide
good protection against the acceptance of sub-standard lots. The plan
was designed, therefore, tc make maximum use of the information available
from a relatively small sample inspected by variables. In addition to
the use of *hs usual statistics, estimate of the lot mean and estimate of
the lot standard deviation, the plan made use of a frequency distribution
of the sample results. This frequency distribution was important =since
1t was used to estimate the shape of the distribution of the lot from
which the sample was drawn and to establish the method by which the lot
standard deviaticn would be estimated. A brief review of the steps in
the plan is worthwhiles

1. Select a random samp:: of 50 pieces, in groups of five, and

record ths messured :isxlity for each item on a histogram of
7 to 16 cells,

2. Determine the average range of each subgroup of five and record.




P i e

3. Classify the histogram by examination as being one of the
11 standard types.#

L. Follow the instructions for the specific type selected to
estimate the lot standard deviation and establish the lot
limits.

S. Compare the lot limits with the specification limits and
accept the lot if the lot limits are within the specification
limits.

6. If the lot limits (either or both) are outside of the
specification 1imits, compute the estimated per cent de-
fective in the lot, and hold the lot fer latsrials Review
Board.

The information obtained is, therefore, fcr the purpose of answering

certain questions regarding the lot:

a. Is the lot acceptable? or

b. What percentage of the lot fails to mest specifications and
what are the probable limits of variation for the lot?

Clearly, this is more information than ordinarily provided by

attribute sampling inspection., It is also the same irnformation provided
by 100% inspection and at much less inspection cost. There is no doubt
that such information is valuable both from the viewpoint of building
up a quality history regarding the vendor and of »roviding intailigent

decisions on the disposal of rejected lots. The real question is,

% See Figure 1.
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VARIOUS DISTRIBHITIONS
Pigure 1 —Eleven Typi:al Types of Lot Plots

LEGEND

S = specification limit; LL = lot limit.

X = ave. of subgroup averages; M = mode.

“O”=zero, “full indicator reading.”’

A = distance in cells from mode to lot limit from Chazrts Ci or Cs.

D == distance in cells from spec. limit or cut-off roint, as case may be, to lot
limit.

W = base width, or distance in celis from one lot limit to thz -ther.

Reprod:ced by permission of the author and the editor
from Dorian Shainin, "The Hamilton Standard Lot Plot
Methcd of Acceptance Sampling uy Varjablee,® Industrial
Quality Control, Vol, VII, No. 1, July 250, pp. 1534,
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"Does the lot Plot method provide reliable estimates of these statistics
at less cost than Lhey can be obtained by other methods?®
2.2 What does Lot Fiot Actually Replace?

In order to answer this and other qusstions regarding Lot Plot,
Professors Grant and Irescn visited more than sixteen companies that
have been using Lot Plot, four Air Force Procurement Offices, and
talked with several persons who have been interested in the growth of
the method. A substantial part of the following data was accumulated
in these visits.

It was found, in general, that the Lot Plot method has been used
to replace either 100% inspection or attribute sampling plans (such as
Dodge-— Romig, Jan-Std-105, Appendix X and Mil-Std-105A) for acceptance
purposes. This was true in connection with some parts in every company
vigsited. Some of the uses discovered were of interdepartmental nature
and others were for a sort of control on processes, such as heat treat-
mant.. More will be said later about these special uses.

It should be noted that many of the so-called 100% inspections
that were replaced were neither 100% inspection nor 100% effective. In
one instence, incoming shipments of sheet steel, brass or other sheet
stock were given a 100% inspection in that the thickness of each sheet
was measured at one point, near the edge cr end. The sheets were then
assoried into separate piles according to this thickness reading. It
seems obvious that such a plan is nct really 100% inspecticn since the
variation in the thickness of each sheet is not determined, and the

total variation in thickness of the sheets in any stack of sorter sheets
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1s 1ikely to be greater than the nominal tolerances assigned to that
stack. With the introduction of the Lot Plot plan, a random sample
of 50 sheets was drawn from a shipment believed to have been prsduced
in one continuous run. The measurement of each sheot was ploti.d and
the probable variation limits computed. The entire shipment was then
assigned to a particular classification by thickness, as 0.026 & - ,002",
The basic variation of the entire shipment became the basis fcr class-
fication and the advantages of such a procedure lie in the fact that no
attempt is made vo sort within the shipment. Any properly applied
variables campling plan would have provided these advantages.

I~ -iher instances the 100% inspection was accomplished by very
rapid inspsction using go and not-go gauges. It is a lnown fact that
the effectiveness of such rapid attribute inspection is usually fairly
low. Good parts are rejected and bad parts are accepted, with the result
that 100Z¢ inspection is frequently almost worthless. (See paragraph 4.0).
The quality level of the accepted product frequently is no better than
the incoming lot quality. Clearly, a plan that will provide rellable
information about the per cent defective in the incoming lot at
considerably less cost is more desirable., In case the incoming quality
is as good as the product accepted by the 100% inspection method, the
Jot aight just as well be accepted without the additional cost. If the
iot is considerably worsc than the acceptable level of defects, the lot
will ve rejected and subsequently screened at the vendor's expense.
Confidence in the Lot Plot plan as a substitute for 100% inspection

stems from the fact that the accepted lots were no worse than the product
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accepted by the former method and the inspection cnst had been reduced
substantially, A properly selected zttributes a:--eptance plan would
probably have produced equally good results, but the users were dis-
illusioned regarding the protecti-n gained by 100% inspection.

The Lot Plot plan, as an example of wvariables acceptance plans,
possesses a number of advantages over atiributes plans. In many cases
the cost of inspecting fifty pieces by variables is less than the cost
inspecting a much larger nuier by attributes. According to the2 Operating
Characteristic Curve derived by Mr. Shainin for the Lot Plot a matching
plan from Mil-Std-105A would require 750 piecss tc bc inspected
attributes. This is based upon the assumption that both plans must have
an AQL value of 0.035% defective. Conversely, by the same standard of
matching, there is no Lot Plot plan that would match Mil-Std-105A plans
of a hiigher AQL. This partially accounts for the criticism (discussed
later in paragraph 3.0) that the Lot Plot is too strict.

An associated advantage of the Lot Plot stems from the fact that
the inspector is less likely to ™flinch®™ on a part that is on the border-
lire between accepteble and non-acceptable quality. In attribute sampling
the inspector is well aware of the situation where one more rejected part
will result in the rejection of the lct. There is a tendency for him to
call a borderliine, or slightly sub-standard, part gcod under these
circumstances that he would ordinarily call defective. 1In using a variables
plan, the inspector 1s wezsaring the part and cannot know thata certain
measurement will result in the rejection of the lot. If there is a qusstion

about it, the inspector may not be informed of the specification limits for
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the part until after the measurements are completed.
2.3 The Inspector's PFart in Lot Plot.

The duties of the inspector under the Lot Plot plan do not follow
any fixed pattern in current practice. In some companies the inspector
makes the plot, computes the values reguired and interprets the results.
If the lot is deemed not acceptable, some person or committee of higher
authority makes the decision between outright rejection and screening
or salvage action. The inspectors are considered to be able to determine
the type of distribution by comparison of the sample distribution with the
11 standards and to follow the appropriate procedure from that point.

Some companies provide that, if he is vunable to decide which standard type
applies, he may refer the plot to a higher authority. 1In one company

young ladies with no previous industrial experience and with less than a
year's training in inspection were performirg these functions to the
satisfaction of the quality control department. They needed to refe: only
a small percentage of the daily plots to the superviscr for instruction for
assistance,

The other extreme in inspector responsibility was represented by the
case where the inspector simply recorded the readings in the order of
occurrence and office personnel prepared the plots and made the compu-
tations and interpretations.

Between these two extremes many variations were observed. Opinions
of the role the inspector can and should play varies considerably and
appears to be based on the experience of the quality control supervisor,

his opinion regarding the complexity of the plan, and his opinion regarding
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the opportunities for errors.

A number of simplificaticns in the dutiez of the inspector and the
methods of computation were observed in several rlants. These techniques
and simplifications will be discussed later in this report.

2.4 The Administration of Iot PFlot

In spite of some opinions voiced by individuals there appears to be
no reason to assume that the administration of the Lot Plot is any more
difficult than any cther type of plan. In fact, there are certain aspects
of Lot Plot which tend to simplify its adrinistration. Since all plots
begin with the random selection of fifty pieces and the preparation of
the piot, there is nc problem of selecting the correct plan to use for a
particular lot size or AQlL. After the plot is completed the remaining
procedure for the determination oi its acceptability is carefully prescribed
according to the type of distribution obtained. Thus, the inspector can
proceed without any instructions from his supervisor. Initial training in
the lot Plot procedures is required but probably does not take any more
time than any cf the other more elaborate plans. The procedure is so
standardized that any reasonably intelligent person can develop considerable
skill in the use of the plan in a short time. Errors in arithmetic and in
plotting the points may be a problem here, just as in any variables plan.

The more difficult and mcre important part of the administrative
rroblem is the determination of the products and quality characteristics
to which the lot Plot plan will be applied. Neither all the products nor
all the characteristics of a single product will justify the use of Lot

Flot. The selection of those characteristics for this kind of inspection




must be based upon knowledre of the technical requirements and specifi-
cations, the production processes invclved, quality history of the
characteristics and the effects of accepting some defective items.
Neither ordinary line inspectors nor inspection supervisors can be
expected to make these decisions except in rare instances. Thus the
Iot Plot becomes just one more plan available to the person charged
with this responsibility and should not be looked upon as a cure-all
for all incoming inspection.

One matter tends to complicate the administration of the plan,
Mr. Shainin has pointed out the necessity for formally randomizing the
sample, He insists upon the use of a table of random numbers or some
similar method as a means of determining the specific pieces to be drawn
for the sample. He has conducted experiments that show that failure to
randomize will result in some bias about twenty-five percent of the time.
Formal randomization reguires more time and effort than "just picking one
here and one there® for a sample. Even when the quality control depart-
ment has given orders that samples will be randomized by use of a table
of random numbers it is difficult te prevent line inspectors from taking
the easy way,especially when work is piling up. Unless close supervision
assures that the order is being followad in every case, there may be
some doubt as to the validity of the wvalues.

The writer observed a situation where an autematic pump was used
to discharge a given volume of distilled water into a series of containers.
A container was emptied into a graduate every thirty minutes to check on

the accuracy of the pump. Examination of the records of this measurement
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for nmore than a week showad that the volume2 had not varied even one
cubic centimeter from the specified 360 cc. Such accuracy was hardly
to be exmected, Tn another plant the houvrly reading of a temperature
gauge for the entire day had already been filled out before 9 AM. If
the validity of any sampling plan depends upon the constant use of some
given technique or procedure, it is essential to provide encugh super-
vision to detect any short cuts that may be tried.
2.5 Types of Distributions Encountered

The determination of the acceptability of a lot is largely dependent
upon the type of distribution resulting from the plct of the sample of
fifty pieczes. Choosing one of the eleven standard types fixes the
procedure to be followed in computing the lot limits. Serious errors
in these estimates may result from the choice of the wrong distribution,
and it is seldom that a sample distribution is as smooth c¢r as nearly
continuous as the standard distributions. Errors in this Jjudgment are
easily justified.

Each company visited was asked what types of distributions had been
encountered in its experience. In those companies where the decision
as to type was being made by persons with a substantial background in
statistical quality control a fairly large number of the standards had

buen recognized. However, in those instances where line inspectors

were making the decisions, the distributions observed were confined to

only three or four types. All in all, the reports showed a preponderence
of normal distributions (types 1 and 3) with bimodal (types 7 and 10)

and skewed distributions following. It was rare that another type was
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reported and even more rare t¢ find that a distinction had been made
between 6 and £, 3 and ¢, or 2 and 11.

In some instances no attempt was made to classify the plot. The
procedure for a normal distribution (type 1) was used in each case.
Clearly, such a procedure eliminates one of the hazards of using the
Iot Plot but introduces other hazards.

In at lesst one company no attempt was made to calculate lot limits,
The specificaticn limits were drawn on the lot Plot form at the proper
positions and if none of the parts fell outside the specification limits,
the lot was assumed acceptable.

The distribution of a sample will take on radiczlly different shapes
a3 the cell interval 1s changed. The cell interval is determined by the
range of the first subgroup of five pleces. According to the Lot Plot
instructions a cell interval is selected and if twice the range (in
those cells) of the first subgroup is hetween 7 and 16 (inclusive), the
cell jinterval is adequate. Thus the cell interval may be first chousen
as the finest division measurable by the instrument or some multiple of
that di{visicn. A number of widely different cell intervals will meat
this criterion in most cases. Furthermore, repeated sampling from a
single universe will show a substantial variation in the range of the
dispersion of the first subgroup. This can result in ths cell interval
being chosen unnecessarily small, or unsatisfactorily large. The extent
of the effect of the cell width on the distribution cannot be predicted

in advance.

Figure 2 shows the same sample plotted with four different ceil
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intervals. The results are self-explanatory. There must be some doubt
n the reacer’s mind as to which of the standard types these repgresent,
an? it is deubiful if he would choose the same type for all four if hs
zrcountered these rlots imdividually.
2.5 Materiazli:c Review

The disposal of 2 Ilot is seldom the simple decision beiween ccceptance
ard rejection. A great many factors enter intc i{he rrobtlem of material
procurement, and a lot that would be rejected without hesitation on cne
day may be eagerly accepted on another. Consequently, the dispesition
is usually either to accept or to submit the lot to a materials review
committee which in lurn may accept, reject, or order the lst tc be screened.
(Of course, rejection usualliy results in screening and the replacement of
defective parts with gcod ones.)

Then attributre acceptance plars are used the materials review
cormittes must base its & ~ision vpon the meager information available
from ~ihe oririnal sample or cause a larger sample tc be inspecied. A11
that the committee ¥kmows is the per cent defective in the sample. It

has mo infermation regarding the wariation irn the lot. For this reason

cne of the greatest 2dwantages claimed for the Lot Fiot plam is de-ived
ional information that is supplied to the review cormitiee.
Its decision then can be tased upon the estimate of the Limits of
variztion beyond the speciflicativns and the atle per conl defectiwe
The lot 1imits provide a basis for estimating the eftects
of randoem mzting of these paris milih others, and the commitation of the

probable numper of misfits that ®111 be encountered when the parts are
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assemblied. The shape of the distribution of the sample pieces has
been taren into consideration in th: computations of the estimates,
but. the graphic presentation permits the committes to draw its own
conclusions as to the best dispcsition.
Reports frocm the companies visited indicate that the assistance
of the Lot Flot in materials review is highly appreciated. A number
of companies reported that very satisfactory results had been obtained
from its uce in this respect. One Air Force Procurement officer verified
these conclusions and stated that 2 large amount of material had to be
accepted by the materials review procedure and that those lots for which
Iot Plots were available were reviewed with considerably greatsr confidence
that the best possible disposition wayg actually being Adetermined.
Reliance on the lot Plot for materials review purposes is based upon
the assumption that the information is reasonably accurate. T1f the
information supplied is erroneous, then the materials review board may
be worse off than if the information were not available.st
ther variables sampling acceptance plans 5, 6, 7, 8] provide
reliable estimates of the lot mean, standard deviation and probable
limits. If desired, a frequency distribution could be plotted for any

variables plan tha*t would be just as useful as the Lot Plot. The same

disposition of lots is

#For a discussion of the reliability of the information from a statistical
viewpoint, see Technical Report No. 18, "Some Theoretical Aspects of the

Lot Plot Sampling Inspection Plan," by Lincoln E. Moses.
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possitle and the materials review procedures could e the same.

Stray pieces present a special preblem in the Lot Ploi. Tne stray
is defined as a piece beyond the lot limits and type 11 distribution
shows strays as simgle pieces separated from the main distribution by
one or more cells. These pieces are used in computing the average range
and the sazple zsan just as are all other pieces in the sample.

Strays ma; occur as a result of set-un pieces being included In the

(

lot even though they differ sucstantialiy from the lot. They may also
occur in the sample as the natural result cf sampling from a lct that
has a lcng tail or from a hezvily skewed Iot.

The astimates cf the most likely number of streys in the lot and
the number of cells outside the main distributico over which they may
be expected are cbisined from .=o charts provided in the Iot Plot plan.
The .timate of the most likely mmber of strays is based upon General
Simon’s Iq = 0.5 chart for the inverse soluticn of the incomplste Beta
function, and respresents the number which will be exceeded as oftern as
not. The second chart is based ugon the assumption that the strays are
pert of a distribution with the same standard deviaticn 2o that fer the
1e of fifty pieces but with z different mean. & 0.90 probability
5 computed for ranges of samples of the size of the expected
mmber of strays., Diflerent limits were computed and charted for this

purpose. Twe of Wilks' theorems [ L ] provide the basis for this approach.

These theorems state:

wgliZ 5f population values excesd the least walue (or less than

Z




the greatest value) found, wath probability of 0.95.%
"30F of pepulation values are included between the leasi and

greatest values founcd, with probability of C.55.™=

¢+

hat this appreach to the estimztion cf the probable

=

It appears
muricer and limits of the strays is comservaiive, but users have not
found this technique of extensive value. A small number of companies
reported that attenmpis were made to use this technigue when a type
11 distribution was recognized, amd cne company noted that it had Geen
successfui in stopping a supplier from including set-up pieces in
shipments. However, it appears that wery little use is being made of
the charts for strajys.

2.8 Screened lots and Katural Cut-off Points.

It is recognized that many compamies, in an effort to maintain a

excessiwe mmber of defective prior to shipment. The coriginal lot may
have bean reasonably close to a normal distribution and the screening
just removed a portion of the distribution beyond the specification limit.
This conditium is represanted by Lot Plot types 6 amd @, 1In type 6, it
appears that unnecessarily strict tolerances were estaviished for the
screening cperation and some acceptable items were removed by the vendor.

In type ¥, ii appears that the limils for screening ¥2re lower than the

specification and some defective parts were shipped. These conditions

#QJuoted from ®ihe Hamilton Standard Iot Flot ¥ethod of Acceptance
Sampling by Variables,® 5y TCorian Shainin, Industrial Quality Ccntrol,

Vol. VII, Ko. 1, Juiy, 1550, p. 27.
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presumably can be true, but they may also result from either or voih
of two kinds of errors. First, the gauges of the producer may differ
from those of the consumer bty enough to make these discrepencies occur.
Second, the random sampling procedure may simply fail to detect any of
the smaller pieces prescnt in the lot. Failure on the part of the
vendor's inspectors to do a good job of screening may result in a few
defectives remaining in the lot which show up as strays or as a type 9
distribution in the Lot Plot. This could also be a deliberate attempt
to pass items that are near the specificiation limit,

Type 8, the half-normal distribution, may be mistaken for a screened
lot of type 6. Many industrial processes result in the generation of
only a portion of a normal distribuiion, called a half- or half-plus-normal
distribrtion. In several different plants heat treating processes resulted
in conditions like these. The Lot Plot proved to be a very valuable tool
as a metﬁod of determining whether the treatment had been carried far
enough or too far. It is worth noting, however, that in most of these
plants, if the Lot Plot indicated that the process was not properly centered,
the whole lot was re-treated. No attempt was made to screen acceptable
from ncn-acceptable items beczuse the cost of heat treating again was less
than the cost of screening.

Concentricity, squareness, out-of-rcundness, and other properties
are frsguently measured from a zero pecint with the majority of the items
occurring near that point and decreasing in frequency farther away from
it. Such situations actically always result in a half- or half-plus-

normal distribution which may be mistaken for a type 5 or 9 unless the
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inspector who makes the Lot Plot recognizes and understands the cause.
The proper disposition of the lot depends upon the distinction between
a type 8 and types 6 or 9.

Sore of the companies makirg the greatest use of Lot Plot methods
stressed the importance of the inspector's having an adequate knowledge
of production processes and distributions to be expected from the
processes. This specialized knowledge is not essential for acceptance

by attribute plans or by some variables plans.

3.0 Criticisms of lot Flot

The Lot Plot method of acceptance sampling has been subject to
considerable criticism, both direct and indirect, as well as to praise.
The criticisms vary according to the needs of the users and the nature
of the items to be accepted.

Mr. Shainin [3] has reported that criticisms reaching him had
fall~n inte four groups:

1. The plan is toco tight for most industries.

2. Its mathematical backeground is not sufficiently well established.

3. Several frequency histograms of fifty pieces each from the same

lot will not show the same shape of distribution,

L, The staggered scale employed on the form is confusing.

These criticisms agree in substance with those reported by the
companies visited in reference to this report.

Mr. Shainin has defended the pian reasonatly well in most of these
areas. In reference to the first criticism, he pointed out thati the

object of the Lot Plot im %o obtain as accurate a picture of the actumal
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condition c¢f the lot as "is humanly and practically possible." He

admits that his 0. C. Curve is very "tight", but explains that the
disposition of the lot could be almost anything, depending upon the
indicated condition and the current urgency for parts. It must be
admitted that the establishment of AQL or LTFD values in advance of
production is frequentl, arbitrary and not based upon known consequences
of accepting loits of greater fraction defective. If an AQL of 2.00 is
determined to be the quality that may be economically used with reference
to any of the attribute plans the same can be assumed to be true of lots
to be accepted by Lot Plot. That is, the lot may be accepted even though
the lot limits exceed the specifications provided the estimated fraction

defective is equal to or less than 2.00%. Of course, instructions to

this etfect must be issued prior to the sampling for the Lot Plot. If
the Lot Piot fails to provide the necessary accuracy in the estimates of
the fraction defective, then the entire criticism may be disregarded.

In regard to the second criticism, Mr. Shainin claims, and it seems
intuitively correct, that the schemes for handling the unusual and ir-

regular distributions are such that any errors are more likely to be in
a conservative direction than otherwise. If this is true, then this
only reinforces the first criticism, ihai the plans are too tight. The
simplified methods of handling these irregular distributions, also, may
warrant the risk involved, if these simplified practices tend to reduce

the number of good lois that are unnecessarily 100% inspected as & result

of the Plots. Socme of these simplified practices will be discuiised at

greater iength in paragraph 5.0.
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Dr. Moses, in Technical Report No. 1§, ™Scme Theoretical Aspects

of the Lot Plot Method of Sampling Inspection," has investigated the
mathematical reliability of the plan and the reader is urged to inspect
that report for a treatment of the subject.

The third criticism is met by the same argument from Mr. Shainin,
i.e., ™"The result from such samples from a single lot should, a very
high percentage of the time, then be either so close to the lot conditions,
or so that any error will be in a safe direction.® To check this point,
an experiment was tried in a Statistical Quality Control class at Stanford
University.

Three chip distributions, each containing 2,000 chips, were prepared.
(See Fig. 3). These represented a normal, a bimodal and a right trianguiar
distribution. The mean of each of these distributions was LG and the
limits were maintained &s nearly the same as was censistent with the other
conditions. Each of nine students drew samples of fifty pieces from these
distributions on two different occasions and did not know at anytime any-
The samples

thing about the shape or nature oif the distributivus sampled.

of fifty were drawn by thoroughly nixing each distribution prior to each

draw, but a table of random numbers was not used. Each student then

[ SO ) SN
vernlr an bhb

prepared a Lot Plot, following very c¢losely the instructions gi

Shainin article in Industrial Quality Control, and then classified each

plot as one of the 11 standard types. The results of the experiment were

as fnllows:
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Types of sample distributionz found from:

=20

Normal Bimodal Triangular
Type Distribution _Distribution Distribution
1 normal 6 1
2 normal L
3 normal 2
_ﬂ truncated bl
€ skewed 2 3
6 half-plus 1l 1 2
7 bimodal : L
8 screened 1 3
9 bimodal
1C bimcdal 2 9 10
11 strays 1 2 2
Some odd distribution
not covered by standards 2 2

Thus 6 of the 18 plots (33 1/3%) from the normal distribution were

interpreted 25 being something other than normal and would result in

substantial errors in conclusions drawa from the standard lot Plot

procedure, even though the errors would in this case be in the conservative

direction.

From the bimodal distribution, 5 of the 18 plots were interpreted as

being something other than a bimodal distribution. {28% in error). An

examination of

D!
L

2 shows that the original distribution was a very

pronounced bimodal with the modes separated by a substantial distance.
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If Lypes 6 and 8 are assumed to be the expected distributions
from a triangular parent distribution, then only 7 of the 18 plots
can be assumed to have reprzsented the parent universe. All other

iypes would result in errors of estimation of the lot limits. (614 in

From this short experiment it seems clear that distributions of
samples of 50 from the same lot can be sufficiently different to cast
grave doubts upon the reliability of the method. This may be expressed
another way. Repeated sampling from the same lot by the Lot Plot method
will not result in consistent distribution shapes. The statistical
precision of the method is poor.

The fourth criticism, that. the staggersd scale is confusing, is of
so littls importance that it is hardly worth mentioning. Anyone can
design the form to suit his own prefersnces.

Other criticisms uncovered in the plant visits inclvded the following:

1. There are too many types of distributions without clearcut lines
of distinction between the similar types. Attempts to use these different
types frequently lead to confusion and excessive caution in determining
the disposition of the lot.

2. The procedures are unduly complicated and sufficiently gcod
rasults csn be obtained by treating all lots as normal and computing the
lot limits and the per cent defective. In other words, the plan should
be simplified.

3., Some companies did not allow tha line inspectors to make any

computations or decisions regarding the Lot Pleot; because it was felt
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that adequate training would be excessively costly. Thus, more work
was added to the load for the office clerical force.

Loy, Screening of a large number of rejected lots consistently
failed to show as many defectives as the Lot Piot procedures indicated
for the lots. Thus more lots were scree.ied than should have been. This
is, of course, a conservative practice, but may not be justifiable in
terms of the cost of acceptance.

5. It was felt in some companies that it is dangerous to accept
very large lots (25,000 to 70,000) on the basis of a sample of only fifty
pieces. At least one company folilowed the practice of breaking large
lots into two or more smaller lots (never less than 10,000) and took a
sample of fifty from each of the sub-lots. Then, if all plots for the
sub-lots showed acceptable quality, the whole lot was accepted. Other-

wise, the lot was held for review by the salvage committee.

L.O0 A Controlled Experiment to Evaluate Lot Plot

In April, 1952, The Aircraft Industries Association, by a bulletin
IC No. 52-21, invited certain members to participate in a "Test to determine
the relative etfectiveness of 100% inspection, Mil-Std-105A, and Lot Plot
Inspection.” The plan called for those companies who wished to participate
to set up a procedure within the framework of the bulletin whereby lots
would be inspected by Lot Plot, Mil-Std-1C5A and 100% inspection, without
the inspectors employed on each of these plans knowing that other in-
spectors would inspect the same lots by other methods. The results were
to be recorded and reported to the Inspection Committee of the AIA. Where
feasible, the lots were to be 100% inspected two or three times aftar the

initial 100%€ inspection to verify the actual condition of the lot.
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A Mil-S5td-105&A plan was selected to match the 0. C. Curve that
had been published for the lLot Fiot method. This resulted in the
selection ot an AQL of 0.035 with a sample size of 750 pieces,
randomly chosen, and an acceptance numbter of one. The company had the
choice of using the corresponding double and sequential sampling plans.
The user was also cauticned to use a set of random numbers as a means
of selecting the sample for the Lot Plot, and a set of random numbers
was included in the bulletin.

The results of this controlled experiment were reported in btulletin
IC No. %2-L7, November 18, 1952. A total of 112 lots were reported io
have been inspected under the plan in such a way that the results could
be used. Other reports had to te omitted for various reasons. The lot
gizes ranged from 70 to 2721 and the actual fraction defec
determined by "several® 100% inspections ranged from zero to about 89%.
Only 2 lois were accepted by the Lot Plot and the avthor of the report
stated that at least four of these Iot Plots were made without the benefit
of a sample selected by means of random number tables. The author of that
report seems to feel that thess lots should not have been accepted by the
Iot Plot since each lot contained at least one defective. It is an ac-
cepted principle that no sampling plan will protect the consumer from the
acceptance of some defsctive product. It seems sigrificant that the Lot
Plot method rejected and held for materials review lots ‘ater determined

to contain the following Hercentages:
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Iots Rejected by Lot Plot

Actual Estimated by
Fraction Lot Plot
Defective % Defective

1.L3% 2.0%
0.0 825
0.57 1.0
1.2k 2.0
0.62 1.7
0.25 0.8
0.5 0.5
0.5 0.2
0.6l 3.0
1.L 1.0
0.39 0.7
1.37 1.h
0.23 0.2
0.0 0.2
0.66 1.0
0.013 1.0
0.8 1.0

The lot Plot method over estimated the fraction defective in 61
cases and under estimated it in L6 cases, Figure U shows the distribution
of the errors in estimation, relative to the magnitude of the error. All
of these data reenforce the idea that the Iot Plot is a "tight" plan and
that it is conservative.

The AIA report states that the ineffectiveness of the Mil-Std~105A
and 100% inspection plans is indicated by the large number of defective
items missed in these two inspections. The results from these two

inspections and the following 200% and 300% inspection are herewith

recorded:
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Defectives found in Lots Accepted by Mil-54d-105A

From Mil-Std-10FA Several 100%
Inspection 100% Inspection Inspectiions Lot Size
0 0 684 500
0 0 136% 500
0 0 7 500
0 0 L1+ 500
0 1 55% 520
0 0 1304 520
0] 0 25 520
o) 0 L6 611
c 0 1374 18
0 0 103 618
0 0 28 1,000
0 0 95% 1,197
0 0 2 1,500
e 0 1104 1,777
0 0 L7 1,777
0 L 306% 1,800
0 0 Lo 1,933
0 0 Ly 2,000
0 0 16 2,000
0 0 1,5 2,126
0 0 88 2,500
0 0 3LLs 2,500

The above lists all cf the lots accepted by the Mil-Std-105A plan
for which the final inspection showed more than one defective in the
entire lot. The difference between the number of defectives found in
the sample and in the first 100% inspection and the number found by
several 100Z inspections could not possibly have happened in those cz2ses
marked with an asterisk if the quality of the inspection had been the
same in all cases. It seems quite obvious that the inspection of the
initial sample for Mil-Std acceptance and for the first 100% inspeciion
(where that differed from the sample inspection) was performed in a

careless manner cr else the inspector was not properly trained and did
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not know what to look for. 1If all the inspections had been performed

on each lot by the same inspector, such differences would not likely
have occurred. Perhaps the use of different inspectors and the repeated
inspections is more important as an indicavor of the difference between
inspectors than as an indicator of the effectiveness of the three methods
under study.

If the lots denoted by the asterisk above are considered to have
been accepted as & result of inferior inspection rather than as a result
of any failure on the part of the method, then it can be said that the
Mil-Std-105A plan accepted only 5 lots containing more than 2 defective
out of the 112 presented for acceptance. This is quite different from
the conclusion of the AIA report which stated that a total of 57 lots
contained "defective material," The report’s conclusion that the Lot
Plot providec the greatest protection against acceptance of defective
material seems to be founded only upon the fact that the plan is
conservative and rejected most of the lots, even those lots containing
very low fractions defective. Had the inspection been equally good in

all cases the results probably would have been substantially different.

5.0 Variations From Lot Plot Procedures

5.1 Variations in Forms

The Iot Flat form, as originally devised, contained four ma jor
sections: the heading which identified the Vendor, part, date, quantity,
etc.; the main body of the form where the distribution of the sample was
plotted; ine right side where spaces were provided for the computation

of the average range, mean, and lot limits; and the lower section where
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the disposition of the iot was indicated and the extent of variation
from the specifications stated (if any). ILater, Mr., Shainin devised
a simplified scheme for computing +the mean which eliminated the necessity
for columns for the sum and average of the observations in each subgroup.

Examination of Lot Plot forms frem a number of companies rev: i1ls that
few companies use the original form. Most have modified the forms to
accomplish certain objectives. The staggered spacing of the cell btoundaries
relative to the srpaces fcr plotting the observaticns has been atandoned by
many. This change seems tc¢ be of little importance. The greatest changee
have been made in the computation section on the right side of the form.
Those companies that have gone to a simplified means of computing the
m@ans have in general omitted this section and replaced it with a check
list of recommendaticre to the vendcr. One used this section as a space
for recording the results of acceptance sampling of previous lots. Another
company used this space for X and R charts as a record of successive lots
from one vendor. In beth of these cases one Lot Plot form is used as the
initial acceptance form and as a record of up to twenty lots following it.
The objective is to present a formalized quality history of the part from
each vendor, but other methods appear to be superior te these.

Some companies have found it advantageous tc provide more specific
instructions in regard to the computations and have revised this section
to include detailed, step-by-step instructions. These instruciions are
usually given in words rather than as formulas.

The disposition section of the form has been changed by some

companies ¢ sccommodate spscific problems arising from the material

i
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review procedures used. This is particularly true of those companies
that are not dcaling with govermment agencies. Those companies that
never use an attribute sample following the Lot Plot have largely
eliminated thz space for additional sample data.
5.2 Use of frequency distributions oniy

A number of companies, as a result of experience with the Lot Plot,
have resorted to the use of frequency distributions only, without any
calculations of lot limits, for acceptance purposes. Basically, the
frequency distribution is compared with the specifications, and if the
distribution is centered and well within the specificaticn limits, the
lot is accepted. 1In one plant, where certain small parts are received
daily in lots of 25,000 to 50,000, a sample of 25 pieces was drawn from
the lot and plotted. Acceptance was based upon the criteria mentioned
t should be understood that these parts had to be adjusted by

above. It

hand as they were assembled, and a defective part was sasily recognized

during this adjustment and assembly. Furthermore, these parts were
inexpensive, and the good relations between the vendoi and consumer

depended, to some extent, upon the reimbursement by the vendor when an

appreciable number of parts were found to be defective. 4 quality history,

by lots, was maintained by the customer, who informed the vendor whenever
it appeared that the quality of the product had changsd.

Other companies followed similar procedures except that the sample
size was usually at least fifty pieces and sometimes as many as one
huncred. Also, scme companies followed this procedure, with a sample

size of fifty for acceptance but computed lot 1imits and the estimated
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percent defective if either tail ¢f the distribution extended beyond
the specification limit.

An additicnal sample of 25 pieces was drawn from the lot in one
instance if the plot of fifty pieces did not give a reasonably conclusive
shape to the di<tribution., Otherwise, the procedures were the same,

Another company, dealing in small parts, prepared a tray with small
compartments which corresponded to the blocks on the Lot Plot form. As

the fifty pieces were inspected, they were distributed to these small

compartments. Then the Lot Plot form was completed by placing <heck marks

in tlie corresponding blocks. No attempt was made to separate the fifty
piecesz into subgroups cf five each. The standard deviation was later
computed in the office using the common method tor grouped data, and the
lot limits were estimated by the ordinary statistical procedures. No

atternpt was made to classify the distributions or follow the prescribed

procedures.

5.3 Compu*ation procedures

The previous paragraph reported a case where common statistical
procedures were used for the computation nf the standard deviation of
the sample and the lot limits. One company improved on this metnod by
preparing two transparent overlays, one for FX values and one for FX2
values. The clerk placed the FX overlay over the distribution and using
a comptometer determined the mean of ths distribution. Then placing the
sz cverlay so that its zero line was on the me2an of the distribution,

the clerk obtained the sum of the FX2 values. From a previously prepared

table of sz and 30 values, the 3¢ limits in terms of cells were obtained.
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One secretary performed these computations for about 180 Lot Plots per
day in addition to performing certain other duties. Each Let Plot

required less than 2 minutes by this method.#

6.0 Similar Plans

A number of persons are interested in and attempting to devise new

plans for acceptance sampling that will make use of the better voinis of
the Lot Plot plan and avoid some if its disadvantages. Very little has
been published at this time regarding such plans.

Mr. David A. Hill, of Hughes Aircraft Company, however, has published
the details of his proposed plan. The plan is called "The Ict Template
Method of Inspection by Variables" [1]. The plan begins with the random
selection of a sample of fifty pieces from the lot. These pieces are
measured and a frequeacy distribution plotted without regard to subgroups.
As in Let Plot, the cell interval must be selected before plotting is
started. This plan suggests that the range of the first seven pieces be
compared with a table provided in the plan and the units per cell de-
termined from the table. It is desirable for the plot to contain from
nine to fifteen cells,

Transparent templates for normal distributions of fifty pieces with
base widths of from 5 to 18 cells and for skewed distributions ( k = 1

and k = 2 ) with the same base widths are prepared in advance. On each

#This method and cuts of the overlays were puhlished in Industrial

Quality Control under tha title of WA Converient Short Cut in the Use

of Lot Plot," by Richard Wilson, Vol, VIII, Nc. 5, March, 1952, pp. 32-33.
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of these templates, the upper and lower limit of occurrences in eac

cell is indic .ted. These limits are based upon a probability of 0.95
that the obsarvations in each cell of a sample distribution drawn from
a normal distribution will fall within these iimits.

The lot Templates are placed over the sample distribution in
succassiocn and the smallest one that will contain all the observations
within the cell limits is selected. Since the base width cf the template
depends upon the standard deviation expressed as a function of the cells
(i.e., O = 2,5 cells) the template selected estimates the standard deviation
of the distribution in cells.

The. plan further provides that Accertance Limits will be drawn on the
Lot Templates to provide a given AQL for the acceptance plan, Then, when
the specification limits are drawn on the plot, the lot is accepted if
the Accepitance Limits fall within the specification iimits. The illustra-
tions provided in the presentation of this plan showed only one set of
Acceptance Limits on each Lot Template, but different Acceptance Limits
representing different AQL's could be drawn on each. Doing so would
reduce the number of Templates needed if different AQL's were commonly
employed by the user,

Templates are not commercially available, but the publication from
Hughes Aircraft contains all the information necessary to plot the
templates for both the normal and skewsd conditions and for determining
the location of the Acceptance Limits and the Cell Limits,

Expressions for the theoretical 0. C. Curve for the normal and skewed

conditions were derived, but it was recognized that a number of types of
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errors could make an appreciable difference between the actual and the
theoretical 0. C. curves. Therefore, a large number of drawings. of
fifty pieces from a Shewhart Bowl were made and the actual O, C. curves

for certain lot conditions determined. The author pointed out the fact

that the 0. C. curves will differ with the lot conditions buf showed a
number in comparison with attribute sampling plan 0. C. curves to illustrate
the superior efficiency of ths Lot Template method over the attribute plans
with similar AQL values.

This plan appears to present a number of features that will appeal

to industry. It provides for the selectinn of an AQL to suit the needs

eropy

of the situation. The use of the template eliminates most of ‘the compu-
tations associated with the Lot Plot. There is only one basic procedure
to know and use. The Templates, once prepared by a qualified person,
can be used by inspectors with very little training., It also has scme
disadvantages. A number of Templates will ordinarily be tried before

' the smallest one tnat includes all the observations will be found. Each
' inspector must have a full set of Templates and attempts to reduce the

|

size of the set will undoubtedly increase the possibilities for errors.
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